Experimental procedures
Materials All DNAs and the mRNA were purchased from IDT (Integrated DNA Technologies). The magnetic particles were purchased from Invitrogen under the commercial name M280. All other chemicals were obtained from Sigma-Aldrich unless otherwise specified.
The DNA sequences were as follows:
DNA 1 : 5′-Bio-CCC AAT CGA CCC-3′, Bio: biotin functionalized; DNA 2 : 3′-GGG TTA GCT GGG-Bio-5′, forming 12-bp (bp: basepair) duplex with DNA 1 ; DNA 3 : 3′-GG TTA GCT GGG-Bio-5′, forming 11-bp duplex with DNA 1 ; DNA 4 : 3′-GG TTA CCT GGG-Bio-5′, forming 10-bp duplex with DNA 1 due to the mismatching C (underlined).
The mRNA in the ribosome complexes and the two probing DNAs, P12 and P11, were:
mRNA: 5′-Bio-CAA UGU UAA UUA AAU UAA AUU AAA AAG GAA AUA AAA AUG UUU GAA AAA CGC UAC GUA AAU CUA CUG CUG AAC UC-3′; P12: 3′-TTT AGA TGA CGA GAA CTC-Bio-5′, which forms 12-bp duplex with the mRNA using the complementary bases in bold; P11: 3′-ATT AGA TGA CGA GAA CTC-Bio-5′, which forms 11-bp duplex with the mRNA using the complementary bases in bold. Note P11 differs from P12 only by the 3′-end A.
Preparation of the DNA samples A plastic sample well of 4×3×2 mm 3 (L×W×D) was glued with biotin-coated glass as the bottom surface. Then 20 μL solution of 0.25 mg/mL streptavidin was loaded into the sample well and incubated for 1 hr. Then the sample well was rinsed twice with TE buffer (10 mM Tris, 150 mM NaCl, 1 mM EDTA, and 0.05% Tween-20, pH = 7.5).
Meanwhile, mix equal amount of DNA 1 and one other DNA (DNA 2 , DNA 3 , or DNA 4 ) in a microtube, and incubate the microtube at 95 ºC for 5 min. Allow the microtube to naturally cool down to room temperature. Next, 20 μL of 1 μM the formed DNA duplex was immobilized on the streptavidin-decorated surface and incubated for 1 hr. Subsequently, the sample well was rinsed with buffer solution twice. The streptavidin-coated magnetic particle were pre-washed three times with TE buffer and incubated with the DNA duplex for 2 hr. The physically absorbed magnetic particles were removed from the surface by centrifuging for 20 min at 2000 rpm (revolution per minute). Then the sample well was magnetized for 2 min by using a permanent magnet and sealed with tape. When needed, daunomycin was introduced to the sample well and incubated for 1 hr.
Preparation of the ribosome samples
All experiments were carried out in TAM 10 buffer (20 mM tris-HCl, 30 mM NH 4 Cl, 10 mM MgAc 2 , 70 mM KCl, 5 mM EDTA, 7 mM BME (2-mercaptoethanol), pH 7.6). To form the ribosome Pre and Post complexes, the five mixes were incubated at 37 ºC for 25 min. Then, the resulted ribosome mixture, TuWG and A mixes were mixed with 1:2:2 ratio and then incubated at 37 ºC for 15 min. The resulting ribosome complex was purified via 1.1 M sucrose cushion ultracentrifugation. The ribosome complex was then incubated with the A-Lys and Tu0G mixes at 37 ºC for 2 min, followed by incubating with the EF-G solution that immobilized on the streptavidin-decorated surface and incubated for 1 hr, followed by rinsing with buffer twice. Then 20 μL of 2 μM probe DNA P12 or P11 was loaded in the well and incubated for 1.5 hr. The streptavidin-coated magnetic particles were pre-washed three times using TAM 10 buffer and incubated with DNA duplex for 2 hr. The sample well was magnetized 4 for 2 min. The physically absorbed magnetic particles were removed from the surface by applying centrifuge with the speed of 2000 rpm for 20 min. Then the well was sealed with tape before SURFS measurements For Post interacting with puromycin, first Post was incubated with 1mM puromycin for 10 min at 37 ºC. Then, 20 μL of 0.04 μM the Post solution was immobilized on the streptavidindecorated surface and incubated for 1 hr. Subsequently, the sample well was rinsed with buffer solution twice. Then 20 μL of 2 μM probe DNA P12 or P11 was loaded in the well and incubated for 1.5 hr, followed by SURFS measrement.
For Pre interacting with spectinomycin, a similar procedure as above was followed. The only difference was 1mM spectinomycin contained in the TAM 10 buffer.
FIRMS measurements of the samples
The sample containing magnetically labeled noncovalent bonds were subject to centrifugal speed of 2000 rpm to remove the nonspecifically bound particles. Then a permanent magnet was used for magnetizing the particles. The particles were allowed to relax for 1 hr before the first magnetic field measurement. Centrifugal forces of increasing amplitudes were sequentially applied on the sample, and the magnetic signal was 
